Knowledge on the impacts of logging activity on inhabitant primate species in Kwabre Rainforest, Ghana, is vital for the development of a comprehensive conservation and management plan. With this background, primate density and diversity were recorded along line transects in logged and unlogged areas (strata) to assess the impact of logging activity on these parameters. Six distinct primate species were confirmed including Roloway monkey (Cercopithecus roloway, listed as endangered in the IUCN List of Threatened Species), white-naped mangabey (Cercocebus lunulatus, vulnerable), and Geoffroy's black-and-white colobus (Colobus vellerosus, vulnerable). There was a significant difference (Mann-Whitney test: = 36.0, < 0.01) in primate encounter rates between the logged and unlogged strata with higher species diversity in unlogged stratum ( = 2.91) compared to the logged stratum ( = 1.44). Regression analysis indicated a significant effect ( 2 = 0.945, < 0.01) of logging on primate encounter rates. Our results suggest that logging activity can alter composition of primate communities. One option to forestall further forest degradation and its adverse effects on primates would be to grant the Kwabre Rainforest protected area status under Ghanaian law and manage it under an integrated conservation plan that includes neighbouring Ankasa Conservation Area in Ghana and Tanoé Forest in Cote d'Ivoire.
Introduction
The ability of many wildlife species to thrive in densely human populated areas depends largely on their level of tolerance for anthropogenic disturbances like deforestation and habitat fragmentation [1, 2] . Primates are believed to be suitable biological indicators for assessing the effects of logging on wildlife habitats due to their strong connection with forest cover and vegetative complexity [3] [4] [5] . Apart from their responses to changes in vegetation structure which makes them good indicators, primates were selected over other species because their habitat requirements are better known and can be sampled with relatively simple methods like transects [6, 7] .
In Ghana, the Kwabre Rainforest is a unique communityowned forest and it is reported to host several primate species of international conservation importance, including the Roloway monkey (Cercopithecus roloway), white-naped mangabey (Cercocebus lunulatus), and Geoffroy's black-andwhite colobus (Colobus vellerosus) [8, 9] . These species are listed on the International Union for the Conservation of Nature's (IUCN) Red List of Threatened Species [10] and Appendix I of the Convention on International Trade in Endangered Species (CITES) [11, 12] . Unfortunately, the Kwabre Rainforest is exposed to an increasing risk of deforestation from illegal logging and farming activity. These activities, when unchecked, may adversely affect several species, particularly canopy dwelling primates. Existing studies of the impact of anthropogenic forest disturbance on primate populations have provided valuable insights into (i) effects of selective logging on primate density [13] [14] [15] [16] [17] [18] ; (ii) the role of habitat disturbances in diet selection and primate abundance [14, 19] ; and (iii) behavioural and physiological responses of primates to habitat alteration [20, 21] . In Ghana, no one has yet undertaken a quantitative assessment of the impacts of logging on primate abundance. This information is however vital to understand the sensitivities and habitat requirements of the species in order to develop an informed management plan.
The aim of this study was to examine the impact of logging activity on primate species in the Kwabre Rainforest 2 International Journal of Ecology in western Ghana. To meet this aim, censuses were conducted to (1) compare primate density and species composition between the logged and unlogged strata and (2) evaluate the effect of logging intensity on primate encounter rates. The null hypothesis predicts no significant difference in primate density and species composition between logged and unlogged areas. Conclusions drawn will contribute to managing primate conservation projects in this region and help to dictate future logging programmes in other rainforests. This study provides three important advantages over the earlier studies. One, it focuses on different groups of primate species, rather than just one species [22] [23] [24] . Two, it incorporates in its design a control area (an unlogged stratum) that was completely without any logging activity. This factor allowed a fairly objective assessment of the relative effects of logging activity on different primate species. Lastly, the study has both local and regional relevance, because the study area is a potentially key corridor between two designated national parks in Ghana and neighbouring Cote d'Ivoire, and this region of southwestern Ghana could be one of the most important areas for wildlife protection in West Africa. Figure 1 ), is a communityowned swamp forest in the Western Region of Ghana and forms part of the Upper Guinean Forest Block. It is located close to the Ghana-Cote d'Ivoire international border, opposite to the Tanoé Forest. The area forms part of a network of forest reserves in southwestern Ghana which constitute Ghana's portion of the proposed transboundary elephant migration corridor between Ghana and Ivory Coast [25] . In addition, the Kwabre Rainforest makes up a crucial corridor for wildlife between the Ankasa Conservation Area in Ghana and the Tanoé community-managed forest in Cote d'Ivoire [9] (Figure 2 ). The area also forms part of the range of several flagship endangered primates, including the crowned mangabey, Roloway monkey, and Miss Waldron's red colobus, now considered extinct by primatologists [9, 26] .
Materials and Methods
Selective logging of timber species by chainsaw operators and bushmeat hunting perpetrated by people coming from outside the local communities is destroying the original pristine habitat surrounding the Kwabre Rainforest area. Most of the logged areas are easily accessible from the main Takoradi-Elubo highway (Figure 1 ). The area is also exposed to an increasing risk of deforestation from farming for cash crops including rubber, palm oil, and cocoa, logging and mining activity, expanding fringe communities, and human encroachment on forest resources. The recent discovery of crude oil off the coast of Western Region with its attendant high local immigration as a result of the influx of job seekers has increased the human population density in the area.
Data Collection.
The study area was classified into logged and unlogged strata ( Figure 1 ) based on an initial reconnaissance to map out the presence or absence of logging activity. Primate surveys were conducted in the two strata using line transects. A total of six 500 m line transects (3 km) were established in each stratum. Transects were monitored consecutively over a survey period of two weeks in February 2014. The survey period comprised alternating each field day with a nonfield day in order to stagger disturbance of survey team on primate behaviour. Thus, a total of seven field days were realized over the survey period, resulting in a total of 21 km of transects walked in each stratum for the entire study area.
The starting point of each transect was determined systematically on a gridded map of the study area. The average distance between any two line transects was 3 km. Line transect surveys began early in the morning around 6:30 a.m. and lasted on average for 5-6 hours. Primate calls were used to access the presence and type of primate species in the vicinity of the transects. However, only direct sightings of primates were recorded. All sightings where estimation of group size was difficult to assess were disregarded. When primates were encountered, the number of individuals (group size), species, time, GPS (Garmin GPSmap 62) location, and perpendicular distance to primate(s) were recorded. The distance along transects was measured with a tape measure. The perpendicular ground distance from the transect center line to an estimated central point directly beneath where the primates were initially sighted was also measured using a tape measure. Binoculars were used when necessary to confirm species identity. An index of logging activity per km was generated by recording the number of logged trees (tree stumps) observed along each transect.
Data Analysis.
Primate density was calculated using DIS-TANCE Version 4.1 software package [27] . The best model selection was based on the values of Akaike's Information Criterion (AIC) and recommendations by [28] . Encounter rates were calculated in the form of Kilometric Indices of Abundance (KIA), where the number of recorded primates and indicators of logging incidence are presented according to the distance walked during the survey. The Mann-Whitney test was used to test for any significant difference in primate encounter rates between the logged and unlogged strata. Primate species richness and diversity for each stratum was calculated using EstimateSWin800 Version 8.0.0 software package [29] . Bootstrap Richness Estimator was used for species richness and Shannon-Weiner index for species diversity.
The effect of logging intensity on primate encounter rates was tested using regression analysis in Canoco version 4.5 [30] . Statistical analyses using the program Spatial Analysis in Macroecology [31] were conducted to correct for normality and spatial autocorrelation.
Results

Conservation Status of Primates at Kwabre Forest
Six Species of Diurnal Primates. Roloway monkey (Cercopithecus roloway), white-naped mangabey (Cercocebus lunulatus), Geoffroy's black-and-white colobus (Colobus vellerosus), olive colobus (Procolobus verus), lesser spot-nosed monkey (Cercopithecus petaurista), and Lowe's monkey (Cercopithecus lowei) were recorded in the survey (Table 1) .
International Journal of Ecology Roloway monkey is listed as an endangered species on the IUCN Threatened Species List, white-naped mangabey and Geoffroy's black-and-white colobus are listed as vulnerable species, and olive colobus is listed as near-threatened species [10] . The spot-nosed monkey and Lowe's monkey are considered to be of least concern and are of local conservation importance (Schedule 1) under Ghanaian law (L.I. 1284-Wildlife Conservation (Amendment) Regulations, 1983) . 
Primate Diversity.
Primate species composition varied across the logged and unlogged strata but was not significantly different (Mann-Whitney test: = 36.0, > 0.05).
The unlogged stratum was found to be more diverse than logged stratum when various richness and diversity indices were applied to the data (Table 2) . Comparably, these indices were very low in the logged stratum. None of the species were unique to any of the defined logging categories, but the generally higher primate species richness in the unlogged stratum in comparison to logged stratum may reflect primates' general adaptation to mature forest systems with taller trees and denser canopy covers.
Primate Density.
Primate density was significantly lower (less than 50%) in the logged stratum compared to the unlogged stratum (Table 3 ). The half normal + cosine model without truncation gave the best fit to the data. Note that DIS-TANCE produces estimates with asymmetrical confidence limits.
There was also a significant difference in the individual primate encounter rates (Mann-Whitney test: = 36.0, < 0.01) across the two categories of strata, that is, logged and unlogged (Table 4 ). The percentage of individual primates encountered was considerably greater in the unlogged (73%) than in logged (27%) stratum; however, primate group sizes for the same species were similar for both strata (Table 4 ). All species apart from the black-and-white colobus showed greater densities in the unlogged stratum.
Relationship between Primate Density and Logging
Intensity. The number of primates encountered was inversely related to logging intensity ( 2 = 0.945, < 0.01). The highest encounter rates of primates were observed in slightly logged or unlogged forests (Figure 3 ).
Discussion
The results suggest that logging could negatively influence primate communities through the modification of primate density and species composition. Therefore, the null hypothesis of no significant difference in primate density and species composition between logged and unlogged areas is rejected. Such inference must, however, be made cautiously as logging International Journal of Ecology may not be the only factor influencing primate species composition and density. Although both strata possess similar topography and vegetation type, logged areas had recent logging disturbances that resulted in reduced canopy cover and denser understory cover. A factor that may have also influenced our findings could be the proximity of some fringe communities to the forest edge. During the study, it was observed that logged areas were closer to fringe communities and farms, making such areas more susceptible to human disturbances such as poaching [17, 32] . Some of these differences in human and ecological variables may have influenced our findings. One reason that may have accounted for higher numbers of black-and-white colobuses in the logged stratum is that they are folivores [14] and as such may show preference for degraded areas where the open canopy permits growth of diverse understory. Apart from changes in density and diversity, logging might have also affected the behaviour of primates [13, 20, 33] . For instance, primates exhibited extreme shyness including restricting calls in the logged stratum compared to the unlogged stratum when teams encountered primate groups. The apparent differences in the incidence of alarm calls between groups of monkeys encountered between the two strata could affect our census findings to a small extent. However, previous studies on primate surveys [14, 24, 34] have shown that many replications are needed at each transect before the group density estimates can be considered reliable. In the current study, each transect was sampled more than once and this could increase the reliability of our results. Our study draws attention to matters of both national and international conservation concern. The evidence of unauthorized human activities recorded during this study indicates clearly that the community-based management system practiced at Kwabre Rainforest may not be effective in preventing poaching and other illegal human activities in the forest. If current threats continue unabated, then rapid population decline of primates is expected in the near future.
Given its considerably intact forest cover, Ghana is in a position to implement important forest conservation initiatives in the subregion [35, 36] . Within Ghana, the general vicinity of the Kwabre Rainforest is very significant from a regional viewpoint because it constitutes part of a network of forest reserves in southwestern Ghana which constitutes Ghana's portion of the proposed crucial corridor for wildlife between the Ankasa Conservation Area in Ghana and the Tanoé Forest in Cote d'Ivoire [9] .
In this regional setting, the future management of the Kwabre corridor could be very important. At present, farms and villages are flourishing along the Kwabre corridor, rapidly increasing local human pressure. Concerns about the future of Kwabre corridor are particularly important because interest to protect wildlife in the area has waned and Kwabre Rainforest could face a sudden increase in hunting, logging, and slash-and-burn farming. Instead of acting as a community forest buffer zone and possible faunal corridor between two key international protected areas (Ankasa Conservation Area in Ghana and Tanoé Forest in neighbouring Cote d'Ivoire, Figure 2 ), the larger Kwabre corridor area could instead become a major population sink for wildlife [13, 37, 38] . This would reinforce adverse edge effects and genetic isolation of the protected areas, increasing the probability of local extinctions of species of conservation interest [39, 40] .
Conclusions and Recommendations
Kwabre Rainforest is an important site where careful wildlife management can support major biodiversity conservation in Ghana; hence, more effort should be channeled into preventing further habitat degradation of the larger Kwabre Rainforest corridor area. One possibility would be to grant the Kwabre Rainforest protected area status under Ghanaian law and to manage it under the umbrella of an integrated conservation plan that includes its two adjacent international protected areas. Such a plan can be achieved by designating the entire area as a biosphere reserve, which would permit planned development outside reserves while affording high protection for protected areas [41] . With effective longterm management, this region of southwestern Ghana could remain one of the most important areas for wildlife in West Africa.
